Introduction: Infant growth has not been studied in developing countries in relation to maternal factors related to malaria in pregnancy and maternal illiteracy. Objective: To describe growth patterns in infants with low and normal birthweight and determine maternal risk factors for infant undernutrition. Methods: Babies born in a rural district of southern Malawi were recruited. An infant cohort was selected on the basis of low or normal birthweight. Weight and length were recorded at birth and at 4-weekly intervals until at 52 weeks after birth. Maternal characteristics at first antenatal attendance and delivery were obtained. Odds ratios in univariate analysis were adjusted for birthweight. Factors included in the multivariate regression included maternal illiteracy, season of birth, maternal iron deficiency and number of infant illness episodes. Results: Low birthweight infants were shorter and lighter throughout infancy than either normal birthweight or international reference values. At 12 months, placental or peripheral malaria at delivery (adjusted odds 1.8; 1.0, 3.1), number of infant illness episodes (AOR = 2.1; 1.2, 3.6) and maternal illiteracy (AOR = 2.7; 1.5, 4.9) were independently associated with low weight for age. Maternal short stature (AOR = 1.8; 1.1. 3.2), male sex (AOR = 2.4; 1.4, 4.1), number of infant illness episodes (AOR = 2.6; 1.5, 4.4), and birth in the rainy season (2.1; 1.2, 3.7) were independently associated with stunting. Placental or peripheral malaria at delivery (AOR = 2.2; 1.1, 4.4) and number of illness episodes (AOR = 2.2; 1.1, 4.5) were independently associated with thinness. Conclusion: Malaria during pregnancy and maternal illiteracy are important maternal characteristics associated with infant undernutrition. Innovative health/literacy strategies are required to address malaria control in pregnancy in order to reduce the magnitude of its effects on infant undernutrition. D
Introduction
Due to poor weaning practices and the low nutritional value of food, linear growth restriction is common in less developed countries [1] . Appropriate child growth is of public health importance because poor weight gain has been associated with cot death [2] , developmental delay [3] and disease in adults [4] . In developing countries, poor childhood growth can signify parasitic infection [5, 6] , repeated bacterial or HIV infection [7, 8] , or a poor psychological state in the mother and/or child [9, 10] .
International or local reference growth curves are used for comparison of growth percentiles between populations. The consensus is for international reference comparisons [11, 12] , on the basis that growth potential is similar among different human populations with access to adequate nutrition and no unusual burden of infection. Local reference curves have been recommended to identify individuals at risk within a specific group, but not to assess the degree to which they are reaching their growth potential [13, 14] .
Low birthweight (LBW) babies are often smaller during infancy [15] but with high energy feeding, many show catch up growth in the first years of life [16] . In developing countries, the growth of LBW babies has not been evaluated to identify bcatchupQ growth to the same extent as in western populations [17] . There is little data available which compares their growth patterns with international reference values.
The aims of this analysis were to compare the growth patterns of Malawian low birthweight and normal birthweight infants against international reference values, and to determine factors associated with poor infant growth at 6 and 12 months of age.
Methods

Study area
This study was undertaken between March 1993 and July 1995 in Chikwawa District, in the lower shire valley, south of Malawi. This is a rural area where malaria transmission is endemic. The average rainfall in the study period was 520 mm/year of which 88% fell in the months of November-March. Small-scale agriculture of maize, sorghum, cotton and sugar cane are the primary source of food and income. The study was located in the two hospitals in the District, Chikwawa District Hospital (CDH), a government hospital with free services and Montfort Hospital (MH), 30 km away, which is a feepaying mission hospital.
Enrolment
All women attending the antenatal facilities were screened at their first antenatal visit after verbal consent was obtained. A questionnaire, completed by a project nurse, included information on age and obstetric history. Maternal weight, in bare feet, to the nearest kilogram was measured (SECA scale) and height to the nearest centimetre. Midupper-arm-circumference was measured at the mid-point of the right arm (nearest 0.1 cm). Maternal literacy was assessed by requesting the mother to read a simple sentence in the local language, Chichewa.
Delivery
Information on delivery was only collected from women who attended the hospital facilities of CDH or MH for delivery. For logistic reasons, it was not possible to obtain this information from home or health centre deliveries. Birthweight was measured immediately after birth on a Salter scale to the nearest 10 g and the baby was examined for gestational age between 6 and 24 h after delivery using a modified Ballard method [18] . Women stayed 48 h postpartum in hospital for observation. A venepuncture blood sample was collected from women before delivery and from the cord and placenta for measurement of haemoglobin, free erythrocyte protoporphyrin and MCHC. A malaria slide was made from blood collected deep between the placenta villi. Malaria slides were stained with Giemsa and read counting asexual Plasmodium falciparum parasites against 200 white blood cells. HIV status of women was determined using two different enzyme linked immunosorbent assays (ELISAs). The assays used were ICE*HIV-1.0.2 (Murex; Dartford, UK) and for confirmation, VIDAS HIV-2 new test (bioMerieux; Lyon, France). This procedure was in accordance with WHO recommendations for the diagnosis of HIV infection in asymptomatic patients in regions where prevalence is higher than 10%. Pre-and post-test counselling was provided by trained nurses.
Infant follow-up
A stratified sample of infants was selected based on low birthweight and controls born on the same day with normal birthweight. Babies who died within 48 h postpartum, during the hospital observation period, were excluded. To allow for seasonal factors, enrolment occurred over a 1-year period. Mothers were asked to return to the hospital with their child at 4-weekly intervals and visits were integrated with the immunisation schedule, consequently the first scheduled visit was at 6 weeks of life. An active surveillance system was in place to enhance follow-up for non-attendees. At each scheduled visit, weight in kilograms and length and head circumference in centimetres were recorded for each child and a morbidity questionnaire was completed.
Definitions
A cord haemoglobin of less than 12.5 g/dl was used as the cut-off value for fetal anaemia [19] . Preterm was defined as gestation less than 37 weeks at delivery, and low birthweight as b2500 g. The reference population was the CDC 2000 reference with combined sex values [20] . Underweight was defined as weight for age (W/A) V À 2S.D., stunting as length for age (L/A) V À 2S.D. and thinness as weight for length (W/L) V À 2S.D. [11] . Intrauterine growth restriction (IUGR) was defined as weight below the 10th percentile of the birthweight for gestational age, sex-specific risk curve [21] as recommended by WHO [11] . Severe maternal anaemia was Hb less than 8 g/dl, iron deficiency as a combination of free erythrocyte protoporphyrin (FEP) N 3.1 Ag ZPP g/Hb [22] and MCHC b 32.0% [23] . weight b 50 kg were considered as maternal undernutrition and height b 150 cm as short stature [25] . Maternal weight was only included if measured before 18 weeks gestation.
Analysis
Logistic regression was used to analyse risk factors related to low anthropometric indices. Factors included in multivariate regression were those that were significant ( p b 0.05) in univariate analysis, and also pre-term birth, IUGR and malaria at delivery as these are well established correlates of low birthweight risk. Odds ratios in univariate and multivariate analysis were adjusted for birthweight since subjects were selected by birthweight status and to correct for regression to the mean. Growth curves were drawn in Excel using smoothed percentile standards derived by the LMS program [26] 
Ethical approval
The study was granted ethical approval by the Malawi College of Medicine Research and Ethics Committee (COMREC).
Results
A total of 4104 women attended the first antenatal visit, of whom 1523 (37.1%) delivered in hospital. Among 561 infants recruited, 67 babies did not attend for any visit and birthweight was not recorded for 24 babies who were excluded. There were 147 infants with low birthweight and 323 with normal birthweight. Males comprised 50.5% of the sample. There were a total of 4888 months of follow-up for 470 infants, with a median follow-up period of 11 months. There were a total of 5094 weight and length measurements. During the follow-up period, 39 infants died, 4 in the first month, and the remainder evenly throughout the postneonatal period [27] .
Figs. 1 and 2 show the weight for age (W/A) and length for age (L/A) curves for Malawian LBW and NBW babies compared with the CDC 2000 reference. Fetal anaemia had no significant effect on infant weight or length during the follow-up period. Malawian infants were shorter and lighter compared to the CDC 2000 reference. The size of this difference in P50 increased during the first year of life in NBW infants from 1.4 to 4.3 cm for length, and from 0.40 to 1.70 kg for weight (both p b 0.05). For LBW infants, the corresponding differences over the first year of life were 4.3 to 6.0 cm for length, and 1.3 to 2.4 kg for weight (both p b 0.05). Table 1 . Maternal illiteracy, season of birth and iron deficiency at recruitment were the most significant factors associated with infant undernutrition at 6 months of infancy, and at 12 months these were maternal illiteracy and number of illness episodes during infancy. Table 2 summarises a multivariate analysis which included significant factors identified in the univariate analysis. A number of characteristics remained strongly associated with W/A of less than À 2S.D. Maternal illiteracy had the highest adjusted odds ratio at 5.58 for the 6 months growth analysis ( p b 0.001). This also remained significant at 12 months. Maternal malaria at delivery was associated with low W/A at both 6 and 12 months.
Stunting
There was an increased risk of stunting in LBW babies at 6 months (5.1, 95% C.I. 2.9, 8.8). At 12 months, the risk was 2.3 (1.4, 3.8). Table 3 summarises factors associated with infant stunting at 6 and 12 months. Significant risk factors at 6 months included maternal illiteracy, iron deficiency at recruitment, pre-term birth and number of infant illness episodes. At 12 months the corresponding factors were maternal illiteracy and short stature, season of birth, male sex and number of infant illness episodes.
In multivariate analysis, LBW (AOR = 4.5; 2.3, 8.9), pre-term delivery (AOR = 2.2; 1.1, 4.5), maternal iron deficiency anaemia at recruitment (AOR = 2.1; 1.1, 4.1) and number of infant morbidity episodes (AOR = 3.3; 1.7, 6.3) were independently associated with low L/A at 6 months ( Table 2) . At 12 months, maternal weight (AOR = 1.8; 1.1, 3.2), season of birth (AOR = 2.1; 1.2, 3.7), male sex (AOR = 2.4; 1.4, 4.1) and number of infant illness episodes (AOR = 2.6; 1.5, 4.4) were independently associated with low L/A.
Thinness
At both 6 and 12 months, LBW babies showed no increased risk for low W/L, 1.4 (0.6, 3.2) and 1.5 (0.8, 3.1) compared to NBW infants. In univariate analysis, malaria at recruitment was associated with thinness at 6 months (2.37; 1.04, 5.04) and malaria at delivery with thinness at 12 months (2.25; 1.12, 4.51). Maternal illiteracy was marginally associated with this outcome at 6 and 12 months. In a multivariate analysis, at 6 months, birth in the rainy season (AOR = 0.3; 0.1, 0.8) and illiteracy (AOR = 3.5; 1.0, 11.8) were independently associated with low W/L (Table 2) . At 12 months, malaria at delivery (AOR = 22; 1.1, 4.4) and number of illness episodes (AOR = 2.2; 1.1, 4.5) were significantly associated with low W/L.
Discussion
This is one of the few studies which has assessed the effect of non-nutritional factors on growth throughout infancy in low and normal birthweight babies using longitudinal data. Some authors have examined socioeconomic factors, which in various ways are a proxy for nutritional status and there is a large body of knowledge on infection and protein-energy malnutrition during infancy [28] [29] [30] . Few studies have examined the association of maternal characteristics at delivery and growth in infancy. In a study in Brazil, Ashworth et al. [31] surmised that early differential growth patterns were set in utero and were indirectly affected prenatally by socioeconomic status. Kolsteren et al. [32] also showed that growth deceleration in the first month in children from Madura, Indonesia, was related to intrauterine growth. This places emphasis on evaluation of maternal characteristics during pregnancy in relation to growth patterns during infancy.
This analysis shows that low birthweight babies were lighter and shorter throughout infancy and that catch-up in weight or length did not occur (Figs. 1-3) . Selection bias may have occurred to the extent that only babies born in hospital were studied. A separate recent study of hospital and home deliveries in this area has shown no significant differences in birthweight outcomes between these two categories of delivery [33] . All babies, independent of birthweight category, were lighter and shorter than the CDC 2000 reference population for most of the first year of life. The exception was for W/L measurements during the first 3 months of infancy. Growth falters between 3 and 4 months as previously described in many studies from developing countries [34, 35] . It is likely that low birthweight significantly contributed to this faltering, although the rate of faltering in weight after 10 weeks of age was similar for both birthweight categories. Healthy breast fed babies are known to weigh less than non-breast fed babies and this would explain the lower Malawian growth percentiles than the CDC reference values particularly later in infancy [36] . However the extent of fall-off in Malawian percentile values exceeds that attributable to breast feeding practice. Figs. 1 and 2 show that the 10th percentile for W/A and L/A for low birthweight infants was lower than the 3rd percentile of the CDC reference throughout infancy. From about 5 months of age, the 10th percentile for W/A and L/A for normal birthweight infants was also lower than the 3rd percentile of the CDC reference.
At 12 months, low birthweight and malaria at delivery were independently associated with low W/A. Malaria in pregnancy alters utero-placental exchange of nutrients [37, 38] , which may lead to fetal growth restriction, or pre-term birth and reduce fetal stores of essential nutrients. Placental malaria also has been significantly associated with increased risk of fetal and infant anaemia [39, 40] .
At 6 months, IUGR and pre-term delivery were both associated with low W/A. Since both IUGR and pre-term delivery have been associated with maternal malaria [41, 42] , it is likely that a causal path for poor infant growth is through pregnancy malaria, pre-term-low birthweight and/or IUGR-low birthweight and impaired growth throughout infancy. The results from the present study show the close association between maternal malaria and undernutrition in infants at 6 and 12 months.
Low birthweight babies may experience greater morbidity leading to poor growth. The incidence of malaria, respiratory infections, diarrhoea and other episodes of morbidity was approximately 6 episodes per child per year in this cohort [43] and this infant morbidity is likely to have contributed to growth faltering. The association of undernutrition with the rainy season is probably explained by the higher incidence of diarrhoea and malaria during the rainy months. The number of infant illness episodes was significantly associated with undernutrition in weight, length and weight for length at 12 months. In rural Guatemala, Matorell et al. [44] showed that the increased frequency of illness was an important determinant of growth deficits and Cole [45] , as well as others in The Gambia, demonstrated that respiratory and diarrhoeal infection reduced weight gain by 17 and 69 g/day respectively. In northeast Brazil, Ashworth et al. [31] reported that neonatal illness explained 3.1% of deficits in L/A Z-scores.
Maternal HIV was not independently associated with poor growth in this analysis. This may be because HIV status was not diagnosed in infants but in mothers, and the majority of infants would not have been HIV infected. In the European Collaborative study, HIV infected infants had poorer growth than uninfected infants [8] . In Brazil, HIV infected infants also had lower W/A, L/A and W/L from 3 to 21 months, although L/A was not affected at 3 months [46] .
Maternal short stature and illiteracy were associated with low W/A and L/A. Short stature, or linear growth restriction, has been proposed as a proxy indicator for poverty in the mother's family [44] . Illiteracy is also an indicator of poor socioeconomic status as illiterate mothers are likely to be poor and have less access to healthy foods. There is little information on the association of literacy with child health and survival, and there are no prospective studies of literacy interventions and their effects on child growth. Poor maternal education has been shown to be a key characteristic related to child mortality [47] . This study is one of the first to determine the close association of poor maternal literacy with childhood undernutrition. Innovative strategies are required to address the problem of maternal illiteracy in these communities with a focus on combined health, nutritional and literacy interventions.
Conclusion
This analysis has shown that LBW babies do not catch-up in growth as reported in studies from developed countries. Malawian babies are shorter and lighter in comparison to the CDC 2000 reference values and maternal malaria at delivery was negatively associated with infant growth. Maternal illiteracy was highly significantly associated with infant undernutrition and should be reduced through formal and non-formal education programs. It is imperative that maternal and child health programs also implement interventions which improve malaria control in pregnancy in order to reduce LBW.
